Interferons (IFNs) are a group of pleiotropic cytokines that were originally discovered as a result of their antiviral activity. IFNs exert their effects by binding to specific receptors on target cells. There are two classes of IFNs, each recognizing a different cellular receptor : type I IFN comprises four families, IFN-α, -β, -ω and -τ, whereas IFN-γ is the only type II IFN (Pestka et al., 1987) . Recently, a novel type I IFN was cloned from a pig cDNA library (Lefevre & Boulay, 1993) and, on the basis of its distinct sequence and antigenicity, this IFN has been classified into a new family, designated IFN-δ (Lundgren & Langer, 1997) .
IFN is important for protection against poxvirus infections (Symons et al., 1995) . To counteract the antiviral activity of IFNs, the poxviruses have evolved mechanisms based on production of secreted proteins that bind IFN and block its activity by inhibition of receptor interaction. The B18R gene of vaccinia virus (VV) Western Reserve (WR) strain encodes a soluble protein that binds and neutralizes type I IFNs (-α, -β, Author for correspondence : Peter Kontsek.
Fax j421 7 374 284. e-mail virupeko!savba.savba.sk -ω) from different animal species (Symons et al., 1995 ; Colamonici et al., 1995 ; Lipta! kova! et al., 1997) . The four main type I IFNs are homologous proteins consisting of 165-172 amino acid residues and have a similar overall threedimensional structure (reviewed by Kontsek, 1994) . IFN-δ is149 residues long, the shortest of all known type I IFNs, and lacks antigenic cross-reactivity with IFN-α, -β, -ω or -τ (Lefevre & Boulay, 1993) . We were interested in determining whether IFN-δ shares structural properties of type I IFNs that would allow its interaction with the viral type I IFN ' receptor '. Therefore, we investigated the capacity of B18R to inhibit the antiviral activity and cellular binding of IFN-δ.
Recombinant porcine IFN-δ was produced in Spodoptera frugiperda (Sf) insect cells and purified to a specific activity of 4n106 U\mg protein, as described (Niu et al., 1995) . The following preparations containing VV WR proteins were tested : supernatants from human TK − 143B cells infected with recombinant derivatives of VV WR either overexpressing the B18R protein (vB18R) or lacking the B18R gene (v∆B18R) ; and supernatants from Sf cells infected with baculovirus constructs encoding either the B18R protein (AcB18R) or the B15R protein -a soluble VV IL-1β receptor (AcB15R) (Alcamı! & Smith, 1992) . Supernatants were prepared to a final concentration equivalent to 1n5i10' cells\ml as described (Alcamı! & Smith, 1992 ; Symons et al., 1995) .
First, we tested the ability of these supernatants to inhibit the antiviral activity of IFN-δ in Madin-Darby bovine kidney (MDBK) cells. IFN was serially diluted 1 : 2 in 50 µl of Eagle's minimum essential medium (EMEM) containing 10 % foetal bovine serum (FBS) and each dilution was mixed with 10 µl of supernatant from virus-infected cells. The test mixtures were incubated for 90 min at 37 mC and then transferred into 96-well plates preseeded with MDBK cells. After overnight incubation, medium was replaced with EMEMj2 % FBS containing approximately 100 p.f.u. of vesicular stomatitis virus (VSV). The cytopathic effect of VSV was observed microscopically after a further 24 h incubation. IFN titres are reciprocal values of the IFN dilution which protected 50 % of the cell monolayer from destruction by virus. The neutralizing capacity corresponded to the maximal IFN titre which was neutralized by the respective supernatant (Lipta! kova! et al., 1997) . Each sample was assayed in duplicate in two independent investigations. Supernatant from mammalian cells infected with VV containing the gene B18R (vB18R), but not from cells infected with virus lacking this gene (v∆B18R), neutralized the antiviral activity of 256 U\ml of IFN-δ (Fig. 1) . Experiments with recombinant B18R gave results similar to those obtained with its natural counterpart : supernatant from insect cells infected with recombinant baculovirus AcB18R, but not with AcB15R, inhibited the antiviral action of IFN-δ. The relatively lower neutralizing potency of AcB18R (64-128 U\ml) in comparison with supernatant vB18R may reflect a lower affinity of the baculovirus-produced protein for IFN (Symons et al., 1995 ; Lipta! kova! et al., 1997) .
The primary structure and antigenic characteristics of IFN-δ suggest that its three-dimensional structure might differ in some respects from the overall conformation of other type I IFNs. Nevertheless, the receptor binding domain of IFN-δ appears to share structural similarity with that of porcine and human IFN-α1, as demonstrated by competition of IFN-δ with these IFNs for binding to the porcine type I IFN receptor (Niu et al., 1994) . VV protein B18R neutralizes the activity of type I IFNs by blocking interaction of IFN with specific cellular receptors (Symons et al., 1995 ; Colamonici et al., 1995) . However, the binding interface between IFN and B18R involves both the N-and C-terminal portions of IFN polypeptides, and is therefore more complex than that between IFN and its high-affinity cellular receptor (Lipta! kova! et al., 1997) . Therefore, we tested the effect of B18R on the binding of radiolabelled IFN-δ to receptors on the surface of MDBK cells. IFN was iodinated with "#&I by the chloramine T-method (Kontsek et al., 1991) . The labelled IFN-δ was biologically active and its specific radioactivity was about 116 c.p.m.\U. For binding experiments we chose the natural protein B18R (supernatant vB18R) because it had a higher IFN-neutralizing capacity than the recombinant protein B18R (supernatant AcB18R). The binding studies were carried out at room temperature. Cells (2n5i10%) in 1 ml of cultivation medium were added to each well of a 24-well culture plate and incubated for 18 h to form confluent monolayers. Radiolabelled IFN-δ (2i10& c.p.m. in 100 µl of PBS) was preincubated with an equal volume of the culture supernatant of vB18R or v∆B18R (negative control) for 90 min at 37 mC. Cultivation medium was then removed from wells containing MDBK cells, the cells were washed with PBS, and mixtures of "#&I-labelled IFN-δ with the respective supernatants were added (200 µl per well). After incubation for 1 h the cells were washed, removed with 0n25 % trypsin and the radioactivity bound to cells was counted. Three independent experiments gave the same pattern of B18R reactivity. As shown in Fig. 2 , preincubation of vB18R supernatant with IFN-δ significantly diminished the specific cellular binding of IFN, whereas the v∆B18R supernatant lacked such inhibitory activity.
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In conclusion, the results demonstrate the reactivity of type I IFN-binding protein B18R with the novel type IFN-δ. In addition, this finding represents the first evidence of the ability of B18R protein to react with a porcine type I IFN. The fact that VV inhibits the activity of IFN-δ suggests a role for IFN-δ in antiviral defence in pigs. The mechanism of neutralization of IFN-δ by B18R seemed to be mediated by blocking the receptor binding of IFN, as for other type I IFNs (Symons et al., 1995) . Alignment of the IFN-δ protein sequence with those of several type I IFNs reveals a deletion of seven residues from the consensus positions 103-109 and loss of the C-terminal segment 156-166. The deleted residues do not appear to influence receptor binding or the conformation of type I IFNs (reviewed by Kontsek, 1994) . Given the strong reactivity of the porcine IFN-δ with B18R, we suggest that the overall folding topology of this novel IFN polypeptide may be similar to that of other type I IFNs.
